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ABSTRACT 

A wind tunnel investigation was conducted in the Aerodynamic Wind Tunnel (IT) 
to determine the static stability characteristics of two bodies of revolution fitted with 
2-, 3-, and 4-cal tangent ogive noses of varying spherical bluntness. Testing was conducted 
at Mach numbers from 0.6 to 1.5 and angles of attack from -2 to 14 deg. The major 
effect of blunting the noses was evidenced in the axial-force coefficient. Lengthening the 
noses from 2 to 4 cal caused a forward movement of the center-of-pressure location and 
a corresponding decrease in axial-force coefficient at Mach numbers of 1.0 and higher. 
Changing from a 5- to a 9-cal midbody resulted in an increase in axial-force coefficient 
and an aft movement of the center-of-pressure location. 
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CA ,F Forebody axial-force coefficient, CA - CA ,b 

Cg, Pitching-moment coefficient, measured pitching moment/q„Sc 

CN Normal-force coefficient, measured normal force/qJS 

c Model moment reference length, 0.1 ft 

M,. Free-stream Mach number 

Pb Base pressure, psfa 

p„ Free-stream static pressure, psfa 

q,. Free-stream dynamic pressure, 0.7 p„M2i psf , 

S Model reference area, TTC2/», 0.07854 ft2    . ^     _ 

Xcp Center-of-pressure location, Cm /Cm, cal 

XN p Neutral-point location, (dCm (dCn )fl_0, cal 

a Model angle of attack, deg 

Note: Cm, Xcp, and X^p are all referenced to the model nose-body junction. 

VI 
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SECTION I 
INTRODUCTION 

A wind tunnel investigation was conducted in the Aerodynamic Wind Tunnel (IT), 
Propulsion Wind Tunnel Facility (PWT), to determine the static stability characteristics 
of two bodies of revolution when fitted with 2-, 3-, and 4-cal noses of varying spherical 
bluntness (defined as the ratio of spherical nose radius to body radius). The tests were 
conducted at Mach numbers from 0.6 to l.S and angles of attack from -2 to 14 deg. 

The purpose of the test was to provide aerodynamic data for the preliminary design 
of guided munitions which require a spherical optical window in the nose. 

SECTION II 
APPARATUS 

2.1 TEST FACILITY 

The Aerodynamic Wind Tunnel (IT) is a continuous flow, non-return wind tunnel 
capable of being operated at Mach numbers from 0.2 to 1.5 utilizing variable nozzle 
contours above M,«, = 1.1. The tunnel is operated at a stilling chamber total pressure of 
approximately 2850 psfa with ± 5-percent variation, dependent on tunnel resistance and 
ambient atmospheric conditions. The total temperature can be varied from 80 to 120 
deg above ambient as necessary to prevent visible condensation in the test section. The 
test section is 1 ft square and 37.5 in. long with six-percent open area perforated walls. 
A schematic of the tunnel installation is shown in Fig. 1 (Appendix). Photographs of a 
typical installation of both 5- and 9-cal midbodies are shown in Fig. 2. 

2.2 TEST ARTICLES 

The test models were composed of a tangent ogive nose (N), a cylindrical midbody 
(M), and a finless cylindrical afterbody (A) joined together to form a composite unit. 
Photographs of these components are presented in Fig. 3. 

In this report, all configurations will be identified by this N-M-A nomenclature, e.g., 
N14 M5 A17. The various noses, midbodies, and afterbody, and their corresponding 
identification numbers, are specified in the dimensional sketches presented in Fig. 4. Twelve 
noses were tested on two centerbodies. The afterbody on all configurations was a 1-cal 
cylinder. 
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There were three basic tangent ogive nose lengths: 2, 3, and 4 cal. Each basic nose 
was modified by "rounding off" the tip to three different ratios of nose radius to body 
radius. The ratios used were 0.25, 0.S0, and 0.75. 

2.3    INSTRUMENTATION 

A 6-component internal strain-gage balance was used to acquire aerodynamic forces 
and moments. In addition, base pressure was obtained by averaging the readings from 
two pressure transducers connected to orifices placed on either side of the sting (Fig. 
2) at the plane of the model base. 

SECTION III 
TEST PROCEDURES 

3.1 TEST CONDITIONS AND DATA ACQUISITION 

Data were obtained on all configurations at Mach numbers of 0.6, 0.8, 1.0, 1.2, 
and 1.5 at angles of attack from -2 to 14 deg. Tunnel total temperature was varied from 
150 to 200°F as required to prevent moisture condensation in the test section. Tunnel 
total pressure varied from 2780 to 2970 psfa. The resultant dynamic pressure varied from 
a minimum of 550 psf at M«, = 0.6 to a maximum of 1275 psf at M„„ = 1.5. 

3.2 PRECISION OF MEASUREMENTS 

The accuracy of the data presented was affected by uncertainties in tunnel conditions 
and balance measurements. Uncertainties in the tunnel conditions and coefficient data 
were calculated for each data point as a part of the data reduction program. By assuming 
negligible bias and a 95-percent confidence level, typical results were as follow: 

Uncertainty 

M. AM. AQ (psf)         ACN ACA ACm AXcp 

0.6 0.004 6 0.03 0.03 0.03 0.06 
0.8 0.005 6 0.02 0.02 0.02 0.04 
1.0 0.006 5 0.02 0.02 0.02 0.03 
1.2 0.008 4 0.01 0.01 0.01 0.02 
1.5 0.010 2 0.01 

SECTION IV 
RESULTS 

0.01 0.01 0.02 

Data are presented for each nose-midsection-afterbody combination in Figs. 5 through 
10. In general, rounding the nose to the 0.25, 0.50, and 0.75 ratios of spherical bluntness 
had negligible effect on the normal-force coefficient. The center-of-pressure location moved 
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aft on the model as the nose was blunted. The amount of movement varied with Mach 
number and basic nose length (2, 3, or 4 cal). As expected, the higher degrees of bluntness 
caused an increase in the forebody axial-force coefficients. This increase was most evident 
at M,,. =  1.2 and  1.5. 

Comparisons of 2-, 3-, and 4-cal noses of the same bluntness show changes in 
center-of-pressure location and forebody axial-force coefficient (Figs. 11 and 12). As the 
basic nose was lengthened, the center-of-pressure location moved forward. The effect of 
the longer noses on forebody axial-force coefficient was small at Mach numbers of 0.6 
and 0.8. At Mach numbers of 1.0, 1.2, and l.S, there was a decrease in the axial-force 
coefficient as the basic nose length was changed from 2 to 4 cal. The magnitude of this 
decrease became smaller as each basic nose was blunted from 0 to 0.75. At a bluntness 
ratio of 0.75, the difference in forebody axial-force coefficient among the three noses 
was small at all Mach numbers at which data were acquired. 

A comparison of data for the same nose on the 5-cal (M5) and 9-cal (M9) midbodies 
shows an increase in forebody axial-force coefficient, a decrease in base axial-force 
coefficient, and an aft movement of the center-of-pressure location with the 9-cal midbody. 
Data taken with the 9-cal midbody showed a slightly higher normal-force coefficient than 
with the 5-cal midbody at angles of attack greater than 6 deg. Typical plots of these 
comparisons for noses of zero and 0.50 bluntness ratios are presented in Figs. 13 and 
14. 
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APPENDIX 
ILLUSTRATIONS 



FLOW VI 

A Section  A-A 

6% Optn  Areo 
Hole   Diameter « 0.125 In. 
Plate Thickness = 0.125 In. 

TYPICAL    PERFORATED 
WALL    PATTERN 

ALL   DIMENSIONS AND  TUNNEL   STATIONS 
IN   INCHES 

f 
MODEL  SUPPORT 

PLENUM   CHAMBER 
SOLID 
TAPER 

FLEXIBLE   NOZZLE   SECTION 

I 
NOZZLE 

ENTRANCE 
STA. 

-45.5 

± 
PERFORATED 
WALLS 

<£ ZE^ 

STA. STA. 
10 22.7 

PITCH CENTER 

Fig. 1   Schematic of Test Installation 

IN 
STA.   8TA. 
57.5   40.5 

STA. 
52.0 

> 
m 
o 
o 

■»I 
u 



oo 

> 
m 
O 
o 

3) 

a.   N17 M5 A17 
Fig. 2   Installation Photographs 



vO 

A   E   D C 
8585-72 

o 
o 

b.   N22 M9 A17 
Fig. 2  Concluded 

U) 



> 
m 
a 
o 
-H 
3} 
■il 
CO 

i. 

N14 N15 N16 N17 

A  E D C 
7464-72 

a.  2-cal Tangent Ogive Noses 
Fig. 3  Photographs of Model Components 



N18 N19 N20 N21 

A   E  D C 
7465-72 

> 
m 
O 
o 

b.   3-cal Tangent Ogive Noses 
Fig. 3  Continued *. 

■c 



D 
n 

CO 

c.  4-cal Tangent Ogive Noses 
Fig. 3  Continued 



AEDC-TR.73-44 

A  E D C 
7467-72 

d.   M9 and M5 Midbodies, A17 Afterbody 
Fig. 3  Concluded 

13 



AEDC-TR-73-44 

9.10 R 
(TYP) 

1.20 D (TW 

NI7 

a.  2-cal Tangent Ogive Noses 
Fig. 4  Dimensional Sketches of Model Components 

14 



AEDC-TR-73-44 

N20 

N2I 

ALL DIMENSIONS IN MCHES 

b.  3-cal Tangent Ogive Noses 
Fig. 4 Continued 

15 



AEDC-TR-73-44 

1.20 D (TYP) 

N23 

N24 

> 

N2S 

c.  4-cal Tangent Ogive Noses 
Fig. 4  Continued 

ALL  DIMENSIONS M INCHES 

16 



AEDC-TR-73-44 

T 
I.2D 

.1 
-10.8 

M9 

I2D 

-6.0- 

M5 

ALL   DIMENSIONS IN INCHES 

d.  M5 and M9 Midbodies, A17 Afterbody 
Fig. 4 Concluded 

17 



AEDC-TR-73-44 

SYMBOL 

□ 
o 
A 

CONF 

N14 M5 017 
M5 Al7 N15 

N16 M5 
N17 M5 

fll7 
R17 

BLUNTNESS 
0.00 
0.25 
0.50 
0.75 

FLAGGEO   "SYMBOLS    REPRESENT    NEUTRAL 
POINT   LOCATION 

16 

   1 -      —4 

^ 

12 

8 

 H 

—t — 

.... 

i 

i 
- 

4 

n 

_i  

1 
— 

M^O.60 

a.  Normal-Force Coefficient and Center-of-Pressure Location 
Fig. 5  Aerodynamic Coefficients of 2-cal Noses on 5-cal Midbody 

18 



AEDC-TR-73-44 

16 

12 

8 

4 

SYMBOL CONF BLUNTNESS 

□ N1M MS 017 0.00 
O N15 MS R17 0.25 
A N16 M5 A17 0.50 
O N17 M5 fil7 0.75 

1 

— 

in ... B 
■ 
I J 

— - tU 

< r - +* U_ik.._ 

n.J.- 
jJ 1 

  

| 

> rl JL ... .  .yt. 
i   1 

n k     tk 1  . i — I: ... ., J 

Ik      JO 
* 
  § —■ --■ 

i 
- -1 

1 
t 

0.2       0 0 0 0 0       0.2 O.K      0.6 

M^O.60 0.80 1.00 1.20 1.50 CA.F 

0       0.2      O.M      0.6 

1-50 Cfl.b 

b.   Forebody and Base Axial-Force Coefficients 
Fig. 5 Concluded 

19 



AEDC-TR-73-44 

FLAGGED 
POINT 

SYMBOL       CONF BLUNTNESS 
□      N18 MS A17 0.00 
O      N19 MS R17 0.25 
A      N20 M5 RI7 0.50 
♦      N21 M5 AI7 0.75 

£0   SYMBOLS   REPRESENT   NEUTRAL 

16 

12 

.... ... 

i \W 

A 

flu 

■ 

— — 
ft 

M -i 2 t 1 C ) 0 c 1 ( 1 II 

VO-60 0-80 1.00 1.20 1.50     Xcp 

a. Normal-Force Coefficient and Center-of-Pressure Location 
Fig. 6 Aerodynamic Coefficients of 3-cal Noses on 5-cal Mid body 

20 



SYMBOL CONF . BLUNTNESS 

0 
N18 M5 R17 
N19 M5 fll7 
N20 MS 017 
N21 MS R17 

0.00 
0.25 
0.50 
0.75 

AEDC-TR-73-44 

16 

12 

-0.2      0 

^=0.60 
0 

0.80 
o 

1.00 
o 

1.20 
0.2      0.4      0.6 

1.50 cfl.F 

16 

12 

-u 

•   

— 

— m 
m 

w ■ 

■_.-< -- 

[ 

— 

  

. , 

\ - — jj 

— 

-■ 

— A — 
im 

... X 

-X— _.   • -- — _-. — 
i 

-0.2      0 0 0 0 0       0.2     0.4      0.6 

M^O.60 0.80 1.00 1.20 1.50 Cfl,b 

b.   Forebody and Base Axial-Force Coefficients 
Fig. 6  Concluded 

21 



AEDC-TR-73-44 

STMBOL CONF BLUNTNESS 

□ N22 M5 fll7 0.00 
0 N23 M5 R17 0.25 
A N24 MS 017 0.50 
♦ N25 M5 fll7 0.75 

FLAGGED   SYMBOLS   REPRESENT   NEUTRAL 
POINT   LOCATION 

16 

12 

8 — 

b- 
V.JH 

£f 

-— 
BsSii 

MA 
-A^B— 

Aft 
11 • 2 C 1   < tu 

C > t ) ( ) c i H 

^=0.60 0.80 1.00 1.20 1.50     XCP 

a.  Normal-Force Coefficient and Center-of-Pressure Location 
Fig. 7  Aerodynamic Coefficients of 4-cal Noses on 5-cal Midbody 

22 



AEDC-TR-73-44 

16 

12 

8 

H 

0 

SYMBOL CONF BLUNTNESS 

□ N22 MS R17 0.00 
0 N23 M5 RI7 0.2S 
A N24 M5 R17 0.50 
0 N25 M5 R17 0.75 

— 

■—-■* — - 

1 

■l 
i > It 

i i 

It:: 

-i 
. .<> _ 

„< L.. —- 
1 

i 
■ t 

i 
Ü: 

i 

> 

>- 

► 

> 

JP 

i— 

> 

fl 
— 

"at~" - 
ron < 
ft-, < 
1^ < 

< 
< 

< 

1 
—- 

1 
■ 

ft^ < > n < » 

r i f 
-0.2      0 0 0 0 0       0.2      0.4      0.6 

^=0.60 0.80 1.00 1.20 1.50 Cfl,F 

0       0.2      0.4      0.6 

1-50 Cfl.b 

b.   Forebody and Base Axial-Force Coefficients 
Fig. 7  Concluded 

23 



AEDC-TR-73-44 

STMBOL        CONF 

16 

12 

6 

O 
N14 
N15 
N16 
N17 

H9 
H9 
M9 
M9 

R17 
017 
R17 
R17 

BLUNTNESS 

0.00 
0.25 
0.50 
0.75 

FLAGGED   SYMBOLS  REPRESENT   NEUTRAL 
POINT   LOCATION 

— 

-—I -- 

m — - 1 

!■ 
j 
t 
i 

\ 
♦ 
i j 

H 

* 

■ 

- 

^B 

- 

. _., 

- -   
■- 

«-- -- ill if ■ ^m ■ — 

-2        0 

^=0.60 
o 

0.80 
o 

1.00 
o 

1.20 
0 2 

1.50 CN 

M^O.60 

a.  Normal-Force Coefficient and Center-of-Pressure Location 
Fig. 8  Aerodynamic Coefficients of 2-cal Noses on 9-cal Mid body 

24 



SYMBOL CONF BLUNTNESS 

□ N14 M9 017 0.00 
O N15 M9 fll7 0.25 
A N16 M9 017 0.50 
♦ N17 M9 fll7 0.75 

AEDC-TR-73-44 

16 

12 

-4 

J 1 
- 

jj 
 4 

i                         i 

V 
k _<| .. 

k    < 1     - 

L.<l    _ 

k       <   1 — 
1.    <> 

T T 

- 

.IM 

1> 

1» 

(I 
1 > 

1   B 

T T 

— 

T Jl J i ._. 

I I 
._., —   X • 

X i 1 
B 

i — 
— ■ 

.... I -- — 
So 

1 
it 

f r 
0.2       0 0 0 0 0       0.2 0.4      0.6 

^=0.60 0.80 1.00 1.20 1.50 CR.F 

16 

12 

8 

H 

0 

i 

H y  

Ä 

-— 
^L 

  

1 
1 A -- 

— 

' 

1       f 

JL 
.— j 

- 
Jl 

.—   . 
T 

.... 
!B 

s - — ... ... - —-  - - —- , 

-0.2      0 0 0 0 0       0.2     O.H      0.6 

^=0.60 0.80 1.00 1.20 1.50 Cp,b 

b.   Forebody and Base Axial-Force Coefficients 
Fig. 8  Concluded 

25 



AEDC-TR-73-44 

16 

12 

SYMBOL CONF BLUNTNESS 

□ N18 H9 «17 0.00 
0 N19 M9 «17 0.25 
▲ N20 M9 R17 0.50 
♦ N21 M9 «17 0.75 

FLAGGED    SYMBOLS   REPRESENT   NEUTRAL 
PO Nl LOCATIO M 

' 
—i 

.. , 

1 
— 

— 

... _^_ — — w 

-• — — 
1 

— — — 

K I — — 
^^™ 

-| 

-2 0 

^=0.60 
o 

0.80 

o 
1.00 

o 
1.20 

0 2 

1.50 -N 

M^O.60 1.50      XCP 

a.  Normal-Force Coefficient and Center-of-Pressure Location 
Fig. 9 Aerodynamic Coefficients of 3-cal Noses on 9-cal Mid body 

26 



IBOl CONF BLUNTNESS 

□ N18 M9 R17 0.00 
O N19 M9 R17 0.25 
A N20 M9 R17 0.50 
♦ N21  M9 R17 0.75 

AEDC-TR-73-44 

16 

12 

-4 
ri i 

•i- I: 
Hi. 

Ilk. 

lit. <> 
tJi <> 
<£•<> 
Ik <> 

0.2      0 0 0 0 0        0.2 O.H      0.6 

^=0.50 0.80 1.00 1.20 1.50 Cfl.F 

0       0.2      0.«1      0.6 

1-50 CR.b 

b.   Forebody and Base Axial-Force Coefficients 
Fig. 9 Concluded 

27 



AEDC-TR -73-44 

SYMBOL CONF BLUNTNESS 

□ N22 M9 R17 0.00 
O N23 M9 fll7 0.25 
A N24 M9 R17 0.50 
♦ N25 M9 017 0.75 

FLAGGED SYMBOLS REPRESENT NEUTRAL 

2   0 0 0 0 0   2   q 

^=0.60 0.80 1.00 1.20 1.50   CN 

1.50     XCp 

a.   Normal-Force Coefficient and Center-of-Pressure Location 
Fig. 10  Aerodynamic Coefficients of 4-cal Noses on 9-cal Midbody 

28 



SYMBOL CONF BLUNTNESS 

□ N22 M9 017 0.00 
O N23 M9 017 0.25 
A N24 M9 017 0.50 
♦ N25 M9 017 0.75 

AEDC-TR-73-44 

16 

13 

8 

4 

0 

-4 

l 
-i<> 

<>.._ 

-0.2      0 

^=0.60 
0 

0.80 
o 

1.00 
o 

1.20 
o 

1.50 
0.2 }.4      0.6 

CR.F 

16 

12 

'— — 

. 

i  i   r   

B. ■ 

JL 
'   * ... 

if 
i 

-- -• 
i 
i 

- t 
j 

  

- 

IJ 

- IT i - 

— ... 

JMS — 

- — 

X '■ 
IM 

V 
- 

l 
■- -- 

i 
"1 

4 

0 

-0.2       0 0 0 0 0        0.2      0.4      oU 

M^O.60 0.80 1.00 1.20 1.50 Cfltb 

b.   Forebody and Base Axial-Force Coefficients 
Fig. 10  Concluded C* 

W 

29 



AEDC-TR-73-44 

SYMBOL        CONF 

□      N14 M5 fl!7 

BLUNTNESS 

/0.00 
O N18 MS flI7 / 0.00 
A      N22 M5 017 /    0.00 

FLAGGED   SYMBOLS   REPRESENT   NEUTRAL 
POINT  LOCATION 

M^O.60 

M^O.60 
0        0.2      O.M      0.6 

1.50 Cfl.F 

a.  Zero Bluntness Ratio 
Fig. 11   Comparison of Center-of-Pressure Location and Forebody 

Axial-Force Coefficients of Noses on 5-cal Midbody 

30 



AEDC-TR-73-44 

SYMBOL   CONF 
□ N15 MS R17 
O N19 M5 R17 
A  N23 MS R17 

BLUNTNESS 

0.25 
0.25 
0.25 

FLAGGED   SYMBOLS   REPRESENT   NEUTRAL 
POINT    LOCATION 

■2        0 

^=0-60 

0.2      0 0 0 0 0        0.2 0.4      0.6 

M^O. 60 0.80 1.00 1.20 1.50 Cfl.F 

b.  0.25 Bluntness Ratio 
Fig. 11   Continued 

31 



AEDC-TR-73-44 

SYMBOL   CONF 
□ N16 M5 017 
O N20 K5 R17 
A N24 M5 R17 

BLUNTNESS 

0.50 
0.50 
0.50 

FLAGGED   SYMBOLS   REPRESENT   NEUTRAL 
POINT    LOCATION 

M^O.60 

a     o.2    o.g    o.6 

1.50 Cfi.F 

c.  0.50 Bluntness Ratio 
Fig. 11   Continued 

32 



AEDC-TR-73-44 

SYMBOL   CONF 
D N17 M5 R17 
O N21 M5 017 
A N25 MS PI7 

BLUNTNESS 
0.75 
0.75 
0.75 

FLAGGED    SYMBOLS   REPRESENT    NEUTRAL 
POINT   LOCATION 

IU 

12 

8 

M 

r. 
-   

-11 -2        0 

16 

12 

I     i     '     I I 
0.2      0 0 0 0 0       0.2 0.4     0.6 

^=0.60 0.80 1.00 1.20 1.50 Cfl.F 

d.  0.75 Bluntness Ratio 
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a.  Zero Bluntness Ratio 
Fig. 12  Comparison of Center-of-Pressure Location and Forebody 

Axial-Force Coefficients of Noses on 9-cal Midbody 
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Fig. 12  Continued 
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Fig. 12  Continued 
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a.  Normal-Force Coefficient and Center-of-Pressure Location, Zero Bluntness Ratio 
Fig. 13  Aerodynamic Coefficients of 5- and 9-cal Midbodies Fitted with 2-cal Noses 

38 



AEDC-TR-73-44 

SYMBOL        CONF 

□      Nm MS fll7 
O      NN M9 H17 

BLUNTNESS 

0.00 
0.00 

0.2      0 0 0 0 0       0.2 O.t      0.6 

^=0.60 0.80 1.00 1.20 1.50 CR.F 

0.2      0 0 0 0 0       0.2 0.1     0.6 

^=0.60 0.80 1.00 1.20 1.50 cR.b 

b.   Forabody and Base Axial-Force Coefficients, Zero Bluntness Ratio 
Fig. 13  Continued 
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Fig. 13  Continued 
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d.   Forebody and Base Axial-Force Coefficient, 0.50 Bluntness Ratio 
Fig. 13  Concluded 
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a.  Normal-Force Coefficient and Center-of-Pressure Location, Zero Bluntness Ratio 
Fig. 14 Aerodynamic Coefficients of 5- and 9-cal Midbodies Fitted with 4-cal Noses 
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b.   Forebody and Base Axial-Force Coefficients, Zero Bluntness Ratio 
Fig. 14  Continued 
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Fig. 14  Continued 
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Fig. 14 Concluded 
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